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ABSTRACT 

X-ray surveys of the Carina nebula have revealed a few hard and luminous sources associated 
with early-type stars. Such unusual characteristics for the high-energy emission may be related 
to magnetically-confined winds. To search for the presence of magnetic fields in these objects, 
we performed a limited spectropolarimetric survey using the FORS instrument. The multi- 
object mode was used, so that a total of 21 OB stars could be investigated during a one-night- 
long run. A magnetic field was detected in two objects of the sample, with a 6<x significance; 
Trl6-22 and 13. Such a detection was expected for Trl6-22, as its X-ray emission is too bright, 
variable and hard, compared to other late-type O or O+OB systems. It is more surprising 
for Trl6-13, a poorly known star which so far has never shown any peculiar characteristics. 
Subsequent monitoring is now needed to ascertain the physical properties of these objects and 
enable a full modelling of their magnetic atmospheres and winds. 

Key words: Stars: early-type - Stars: magnetic field - open clusters and associations: indi- 
vidual: Car OBI - Stars: individual: Trl6-22, Trl6-13 



1 INTRODUCTION 



Often invoked in the past in case of unexplained peculiarities, the 
role of magnetic fields has long been a subject of debate in the mas- 
sive star community. Indeed, on the theoretical side, these stars lack 
the convective envelopes thought to be responsible for the mag- 
netic dynamo in late-type stars whereas, on the observational side, 
line dilution due to bright companions, spectral contamination by 
emission, and the relative rarity and breadth of spectral lines limit 
the detectability of magnetic Zeeman signatures in hot stars. At 
the beginning of this century, only one half-dozen hot stars (i.e. 
with spectral types of at least B2) had been confidently detected to 
be magnetic; the earliest of this sample was only of spectral type 
B1.5. In the last decade, however, the situation has improved dra- 
matically thanks to the advent of efficient spectropolarimeters at- 
tached to mid- and large-size telescopes (such as e.g. FORS at the 
ESO VLT or ESPaDOnS at the CFHT). These instruments led to 
the detection of magnetic fields in about 30 ho t stars (for a few 
recent cases: | Rivinius et aT , I l20ld : iHubrig et al.l l201ll : iPetit et al.l 
l201ll ; lGrunhut et alj201 

The role o f magnetic fields in massiv e stars has thus been re- 
assessed. While Maeder & Mevnel d2003h focused on understand- 
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ing their effect on the stru cture and evolution of massive stars, 
Babel & Montmerld dl997iJ) had unveiled their impact on the stel- 
lar winds and therefore on the X-ray emission of massive stars. In 
a seminal paper, they proposed a semi-analytic model for magneti- 
cally channeled wind shocks wherein a strong dipole magnetic field 
guides the stellar winds from two opposite hemispheres towards 
the magnetic equator where the flows collide: the gas is heated up 
to high temperatures, leading to hard X-ray emission. Such chan- 
nelling can naturally lead to a shock-heated equatorial region. 

This model was first developed and applied to explain the 
peculiar X-ray emission of the magnetic and chemically pe cu- 
liar Bp star IQ Aur. Following the work of IStahl et al.l dl996l) . it 
was extended to explain the peculiarities of the 07 star 6 l Ori C 
(Babel & Montmerle Il997bh . Self-consistent numeric al magneto- 
hydrodynamic models by lud-Doula & Owockl |2002) further ex- 
plored the wind-field interaction in hot stars, ultimately establish- 
ing G l OriC as a prototype for which the 15d modulations of the 
Ho-, UV, and X-ray emissions are w ell explained by a ma gnetic 
oblique rotator model. Furthermore, lud-Doula et al.l (2006) have 
shown that in the presence of significant stellar rotation, centrifu- 
gal support can lead to a stable accumulation of material near the 
magnetic equator. The best example here is the Bp star a Ori E, 
for which the magnetic energy is so strong compared to the stel- 
lar wi nd energy that the magnet osphere extends to many stellar 
radii jTownsend & Owockif 2005). For both cases, the X-ray emis- 
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sion appears very peculiar, as it is altogether bright and hard. In- 
deed, "normal" O-type stars have relatively soft X-ray emission 
(kT ~ 0.2-0.7 keV) of a well-defined s trength (the so-called canon- 
ical relation, \og[L x /L BOL ]~ 10~ 7 , see lNaze et alj201 ll ; lNazell2009l 
and references therein). Both 8 1 Ori C and cr Ori E therefore seem to 
comply reasonably well with model expectations for magnetically 
confined winds. 

It must however be noted that, while bright and hard X-ray 
emission may be considered as a good hint for the presence of mag- 
netic fields, the contrary is not necessarily true. Indeed, some mag- 
netic objects displa y soft X-ray emission: th is is notably the case of 
Of?p stars (see e.g. Naze et al. 2010, 2012) and some B stars (see 
Giidel & Naze 2009; Oskinova et al. 201 1 and references therein). 
While the overall X-ray luminosity of these objects follows rather 
well the exp ected values, it is cle arly not the case of their plasma 
temperature dOskinova et al.l201 ll) . a fact which currently remains 
unexplained. 

The Chandra X-ray observatory has recentl y performed a 
large- scale survey of the Carina nebula (CCCP, see Townsl ev et al.l 
1201 lh. This led to the detection of > 14 000 X-ray sources 
(Broo s~et alj 1201 lb . among w hich a majority o f PMS objects 
and >100 massive, hot stars dNaze et all 1201 lh . Amongst the 
latter ones, we selected those that display unusually hard and 
bright X-ray emission, hence were good candidates for harbour- 
ing magnetically-confined winds. Using FORS, we perform a small 
spectropolarimetric survey of these objects, with the aim of finding 
new cases of magnetically-confined winds. This paper reports on 
the results of this campaign. It first presents the observations (Sect. 
2), then the results (Sect. 3), to finally summarize and conclude in 
Sect. 4. 



2 OBSERVATIONS 

2.1 Observational Strategy 

A total of eight fields in the Carina nebula were ob- 
served in spectropolari metric mode with the FORS2 instrument 
( Appenzeller et al. I ll998h of the ESO VLT during a visitor run in 
March 2011. The choice of the main targets was initially made 
on the basis of their X-ray emission (CCCP, iNaze et all 1201 ll 
and references therein). We selected bright] early-type stars with 
high X-ray luminosity (Coll228-68, HD 93250, Trl6-5, 11, 22 and 
64), with a strong hard X-ray component (HD 93250, HD 93501, 
LS 1865, Coll228-68, Trl6-5, 10, 11, 22 and 64) or with known 
long-term X-ray variability (HD 93250, Trl6-22). Those charac- 
teristics are compatible with those expected from magnetically- 
confined winds, explaining our choice for this investigation. 

Four fields studied only a single target, because of the 
lack of nearby massive stars with similar magnitudes: HD 93250, 
HD93501, HD93190, and Trl6-22. The four other fields were 
taken in multi-object mode, since such adequate neighbours ex- 
isted: the first one contains Coll228-66, Coll228-68, and HD 93097, 
the second one Trl6-10, 1 1 and 14, the third one LS 1865, LS 1853, 
HD 305524, and HD 305534, and the last one Trl6-2, 4, 5, 13, 15, 
64, and 115. The 11 additional objects are field stars which do not 
show particularly exceptional X-ray characteristics. 

In total, 21 OB stars were thus investigated. Our observing run 
was allocated 10 hours, that were distributed over three consecutive 



V < 1 1. mag 



nights (2011 March 12-14). This allowed us to observe about half 
of our targets on two different nights. 

During our observing run, the blue CCD (a mosaic composed 
of two 2kx4k E2V chips) read without any binning, a slit of 1"0 
and the 1200B grating (R ~ 1400) were used. We adopted for 
each field an observing sequence of 8 or 16 subexposures with re- 
tarder waveplate positions of +45°, +45°, -45°, -45°, +45°, +45°, 
-45°, -45°,... Duration of individual subexposures ranges from 10 
to 300s, depending on the targets' luminosity and the variable see- 
ing. It was therefore adjusted several times during the run, to remain 
close, but below, the saturation level (spectropolarimetric investiga- 
tions requiring the highest possible signal-to-noise ratio). 



2.2 Data Reduction 

In recent years, there has been some debate in the literature about 
the reality of some magnetic field det ections claimed usi ng the 
FORS instruments. To settle the debate, Bagnu lcTet alj d2012h has 
performed an overall reduction of all spectropolarimetric FORS 
datasets. They notably show the implications of some data reduc- 
tion choices and we took into account the considerations made in 
that work. 

Using the observing sequence described above, the normal- 
ized Stokes V j I profile can be determined, as well as a diagnostic 
"null" profile jDonati et al.ll 19971: IBagnulo et alj2009T) : 



Pv = VH 
N v = N/I 



iy f _l)(/-i>[(£^ 



(1) 



where /" and f x are the counts recorded for the parallel and per- 
pendicular beams, respectively, / is the simple sum of all /" and f x 
spectra, and N is the number of pairs of subexposures (i.e. sets of 
{-45°, +45°) observations). To get the /" and f x for each target, 
the data were corrected for bias but not flat-fielded, since there is 
no e vidence that flatfieldin g improves the magnetic field determina- 
tion ( IBagnulo et aU2012r) . Furthermore, the spectra were extracted 
using a simple aperture extraction since, in practice, optimal ex- 
traction applied to high sign al-to-noise ratio leads to noisier spec- 
tra (e.g. IBagnulo et alJl2012D . The aperture extraction radius was 
fixed to 12 px for data taken on the first and third night, and between 
15 and 24 px (depending on the actual seeing) for data taken during 
the second night. Note that sky background was subtracted for each 
spectrurr0. Finally, wavelength calibration was made by consider- 
ing arc lamp data taken at only one retarder waveplate position (in 
our case, -45°) for all science frames of a given field, whatever the 
position of the retard er waveplate actually is for them. As shown by 
Bagn ulcTet al.1 J2009I) . this minimizes spurious polarization signals. 
Note that, indeed, wavelength calibration remains specific to the 
actual position of the spectra on the CCD, i.e. it is different from 
one object to the next as well as for the parallel and perpendicular 

2 The second night suffered from a bad seeing, which forced us to lengthen 
the exposure durations, and even use a 1.2" slit for one of the fields (that 
centered on Trl6-22). A consequence of this was a change in extraction 
radius during the reduction (see below). 

3 The background subtraction in IRAF (see below) used an average of 
small sky regions surrounding the star (usually -35 : -25 and +25 : +35, 
or -55 : -45 and +45 : +55 when the seeing was bad or a companion ex- 
isted - only one of these regions being used if the star was too close to a slit 
edge). 
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beams. In all cases, the final, calibrated spectra have 5813 px with a 
step of 0.43A (close to the dispersion value) and a start wavelength 
of 3500.2 15 A, as recommended for this grating. 

Whenever it was possible, we reduced our data using two dif- 
ferent procedures. For the data obtained in "fast mode" (i.e. single 
target), we used both the FORS pipelin^] and standard IRAF rou- 
tinefl However, the FORS pipeline only accepts datasets with a 
pair of frames obtained with the retarder waveplate at +45° and 
-45°, or a quadruplet with retarder waveplate at the position angles 
+45°, -45°, +135°, and +225°. Since we adopted a different ob- 
serving strategy (8 or 16 subexposures taken at two angles, rather 
than a single pair, see above), we had to combine our 8 or 16 subex- 
posures into 4 or 8 pairs, to reduce these pairs separately, and finally 
to make use of external procedures to combine the pipeline prod- 
ucts into a single result for each 8 or 16 subexposure dataset. More- 
over, for polarimetric data obtained in multi-object mode, we could 
use only IRAF routines, because the FORS pipeline fails to asso- 
ciate the pairs of beams pertaining to individual objects. In the end, 
the spectra reduced within IRAF appeared very similar to those re- 
duced with the FORS pipeline, when they existed, though the for- 
mer ones seem slightly less noisy. This is explained by bad seeing, 
and by the position of the spectra, which, even in "fast" mode, were 
found very close to gaps between slitlets. These problems could be 
better dealt with through manual fine tuning of extraction and back- 
ground substraction, than with the pipeline semi-automatic mode. 
Nevertheless, we decided to use also the FORS pipeline to check 
our results in two independent ways. 

In a final step, the longit udinal magnetic fie ld was estimated 
by minimising the expression (Bagn ulo et alj2002l) : 



* 2 = Z 



(y, - (B z ) x, - a) 2 



(2) 



where i takes a different value for each spectral point, a is a 
constant accounting for possible spurious residual polarization in 
the continuum, y, is either P v or Ny at the wavelength A h and 
xt = -geff C z X] l/Ii (d//(M)i, with C z 4.67 x Hr^A^G -1 
and geff the effective Lande factor, assumed to be 1 near the Balmer 
lines of hydrogen and 1.2 elsewhere. 

In this equation, (d//d/t),- was evalu ated through (/, + 1 - 
] — i ) ■. as by Bagnulo et al. (2002), while the error on Py 
is estimated through cr, = ( see e q. A6 of iBagnulo et al.l 

2009). Following the FORS pipeline manuajj, the error on each 
spectrum (/" or / x ) amounts to cr(/), = -Jfi/g where fi is the flux 
at the wavelength A. t and g is the gain in electrons per ADU (0.53 or 
0.58, depending on the CCD chip) - the read-out noise is neglected 
because of its small value compared to the high level of the stellar 
flux. Note that the FORS pipeline accounts for the error introduced 
by background subtraction and by the extraction, whereas for data 
reduced with IRAF routines we considered only the contribution 
due to photon-noise. 

A few additional remarks must be made at this stage. First, we 
have estimated the magnetic field for the "raw" P v and N v profiles, 
and for the same Py and Ny profiles rectified using a Fourier filter 
of width 300px IBag nulo et alj|2012l) . That correction results only 



4 ftp://ftp.eso.org/pub/dfs/pipelines/fors/fors-pipeline-manual-4. 1 .pdf 

5 imcombine (for master bias creation), apall (for spectrum ex- 
traction), and identify (for wavelength calibration, using the 
wavelength list from the FORS manual which is available at 
http://www.eso.org/sci/facilities/paranal/instruments/fors/doc/ 1. 

6 ftp://ftp.eso.org/pub/dfs/pipelines/fors/fors-pipeline-manual-4. 1 .pdf 



in a minimal difference (about 15G on average), well within the 
error b ars (typically 80G), confirming the results of Bagnu lo" et al.l 
d2012l . see their Table 2). Second, some values of the Py and Ny 
profiles were discarded: the 3% bluest and 3% reddest of the wave- 
length range with recorded data, as well as the spectral bins where 
Ny d eviates more than 3cr from zero (and the two adjacent bins), 
as in IBagnulo et al.l (2012). In addition, we did not consider the 
spectral bins with x, outside the range (-1 x 10~ 6 , +1 x 10 -6 }, 
as they were small in number and erratic in value but dominat- 
ing the slope determination. Third, we derived magnetic field val- 
ues for the full spectral range and for selected spectral windows 
(avoiding continuum regions, or regions affected by ISM/nebular 
features, see online material in Appendix). Again, this results in 
small changes (abou t 45G on average), within the error bars. Fi- 
nally, Bagn ulo et alj d2012l . and references therein) found several 
hints that the error bars of the magnetic field determinations made 
using the FORS instrument were underestimated. Therefore, the 
error on (B.), derived as is usual fro m the linear in t erpola tion, was 
corrected following the method of Bagnu kTet al.l d2012l) . to take 
into account the actual scattering around the fitted line. This cor- 
recting factor is yjx^Jv, where is the minimum value of the 

X 1 derived as in Eq. (0 and v is the number of degrees of freedom 
of the system (i.e., the number of spectral points minus two). 



3 RESULTS 

The derived values of the longitudinal fields for all targets are listed 
in Table Q] which also gives for comparison the (N.) values found 
from the null profiles. For comparison purposes, values with or 
without rectification, for the full spectral range or considering only 
specific spectral windo ws are given. Spect ral types and X-ray lumi- 
nosity, reproduced from Na ze et al1d201 lb . are also shown. Several 
conclusions can now be drawn. 

First, even though the FORS pipeline results are about 10-15% 
noisier then those obtained with manual data reduction, all results 
are consistent with each other (i.e. the conclusion of a detection or 
a non-detection is found with both methods), and the field values 
are within 2<r error bars of each other. Second, the diagnostic (B z ) 
derived from the null profile are consistent with zero (at the 3cr 
level in the worst cases, most often at the l<x level), as is expected, 
confirming the quality of our data reduction. Finally, and most im- 
portantly, two stars shows a magnetic field detection at the 6<r level 
and with a strength >300 G, two features suggesting a true detec- 
tion jBagnulo et al ■l2012h . The other 19 stars have (6 ; ) compatible 
with zero at the 3cr level, as do the diagnostic profiles. 



3.1 Tr 16-22 

With the Chandra and XMM observations of the Carina nebula, 
Tr 16-22 has been singled out a s a peculiar object. Indeed, it is 
strongly overluminous in X-rays dEvans et al.l2004tlAntokhin et al.l 
2008; Naz e et al] 1201 lL and references therein). Moreover, this 
high-energy emission is unusually hard for an O-type star, with a 
component at 2 keV of a stre ngth similar to that of the soft compo- 
nent at 0.7 keV dNaze et alj201 ll). Furthermore , the X-ray luminos- 
ity varies by a factor of 30 ( Combi et al.ll201 lh . whereas the X-ray 
emission of O-stars is known to be rather stable. 

Radial velocity variations have been reported f o r this 
object from low-re solution monitorings dCombi et al.l l201lt 
Willia ms et alj|2oTll) . suggesting the star to be a binary. With the 
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Figure 1. Normalized Stokes V (in selected spectral windows, with rectification) as a function of x (= -g c ff Cz J 2 1// (dl/dA), see Eq. (2)) for the two positive 
cases of Trl6-22 (left) and Trl6-13 (right). In these panels, the slope is directly linked to the intensity of the longitudinal field. The best-fit lines, derived 
from the least-squares analysis, are drawn with thick dashed lines, for both the actual Stokes V parameter (top panels) and the diagnostic null profile (bottom 
panels). In the latter case, or more generally in the case of non-detections, these lines should be horizontal. The line thickness is larger than the Itr error bar 
on the constant term, while the two thin dotted lines show lines with slopes at ±lcr from the best-fit value. 




5795 5800 5805 5810 5815 5865 5870 5875 




6550 6560 6570 

X (A) 



Figure 2. Archival FEROS spectrum of Trl6-22, showing the narrow metal- 
lic lines, the P cygni profile of He 1 5876A, and the strong Ha emission. Note 
that the narrowest emission component in Ha is nebular in origin (other 
nebular lines, e.g. those of [N n], are indeed detected). 



information at hand before this study, X-rays linked to a wind-wind 
collision might at first seem a good explanation for the observed 
high-energy characteristics. However, the observed large overlumi- 
nosity (>ldex) is neither observed nor theoretically expected in 
late-type O+OB colliding-wi nd binaries (for examples of O +O bi- 
nary X-ray observations, see Naze 2009; N aze et al.ll201 ll) . More- 
over, the reported spectral changes, observed with low signal-to- 



notse dCombietal.ll201ll) . could equally well be compatible with 
line profile variations. In view of these facts and our spectropolari- 
metric result (Table[T|and Fig.Q], mag netically-confined winds now 
appea r as a much better explanation fevans et al.ll2004t iNaze et all 
[201 1). A monitoring is now needed to further constrain the stellar, 
wind, and magnetospheric properties which would enable us to per- 
form a full modelling of this star. In this context, we have examined 
the single archival FEROS spectrum of Trl6-22. This spectrum ap- 
pears quite similar to that of the sharp-lined magnetic 09.5IV star 
HD 57682 dGrunhut et alll2009l) . though the lines of Trl6-22 seem 
even narrower than those of HD 57682. A long period for Trl6- 
22 would not be surprising, as an intense field is a ble to brake the 
rotati on of massive stars with strong stellar winds (ud -Doul a et al.l 
2009). Indeed, many magnetic O stars are slow rotators (see e.g. the 
extreme cases of 538d for HD 191612 or even 55yrs for HD 108, 
Naze ct al ■l2010l) . The FEROS spectrum also reveals a strong emis- 
sion component in Ha and a P Cygni profile for He 1 5876A (Fig.|2]l, 
two features comparable to those of the strongly confined 6 l Ori C 
and of the Of?p stars. This reinforces our suspicion that Trl6-22 
shows several evidence for the presence of magnetically confined 
winds. 

3.2 Trl6-13 

This object displays a clear magnetic detection (Table Q] and Fig. 
[TJ, but it could only be observed once, so that we have no inde- 
pendent confirmation of our result. Nevertheless, the obtained field 
values clearly differ between the actual Stokes V profile and the 
null profile, leaving little doubt on the detection. Spectra of targets 
observe d at the edge of the field of view may be slightly depo- 
larized l lBagnulo et alj|2002T) . but this problem would decrease the 
absolute field value, rather than causing a spurious detection, thus 
we are confident in our result. 

Trl6-13 is not known to exhibit any peculiarity (e.g. spectro- 



© 2002 RAS, MNRAS 000,[TJl7] 



Magnetometry of a sample of massive stars in Carina 5 



Table 1. Field measurements for all stars of our sample, for both Stokes V profiles and their related diagnostic null profiles. For fields with only one target, 
the results found from the FORS pipeline are also quoted at the bottom of the table. A star after the name indicates the main targets, those displaying X-ray 
peculiarities, and boldfaces shows the 6cr detections. 
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153 ± 108 
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-104 ±201 


-177 ±205 


-155 ±225 


168 ± 230 


-145 ±229 


175 ± 230 


Trl6-13 


B1V 


-7.8 


490 ± 70 


-7 ±64 


456 ± 76 


13 ± 71 


393 ± 73 


16 ± 71 


Trl6-14 


B0.5V 


-8.0 


-143 ± 166 


161 ± 165 


yi ± loO 


A'X'X J-1Q1 
4 JJ ± IV 1 


1 on -1- 1 87 

1 £A) ± 1 O / 


A 1 9. ■+■ 1 on 

4 1 ± 1 yU 


Trl6-15 


BOV 


-7.9 


18 ±68 


24 ±68 


-1 ±73 


65 ±73 


-6 ± 73 


67 ±72 


Trl6-22-nl* 


08.5V 


-6.3 


-386 ± 70 


3 ±68 


-433 ± 73 


54 ±73 


-454 ± 72 


45 ±74 


Trl6-22-n2* 






-450 ± 81 


-28 ± 76 


-578 ± 88 


-94 ± 83 


604 ± 87 


-88 ± 82 


Trl6-64* 


B1.5Vb 


-6.1 


-43 ± 55 


17 ±53 


-49 ± 58 


41 ±57 


-65 ± 57 


43 ± 57 


Trl6-115 


09.5V 


-7.2 


-15 ±67 


38 ±66 


-31 ±69 


23 ±67 


-38 ± 68 


22 ±67 








FORS pipeline 










HD 93190* 


BOIVep 


-7.8 


-272 ± 110 


-23 ± 104 


-192 ± 141 


-45 ± 138 


-154 ± 140 


2± 140 


HD93250-nl* 


04III(fc) 


-6.4 


102 ±91 


120 ± 87 


95 ±98 


92 ±96 


68 ±95 


78 ±95 


HD 93250-n2* 






-128 ± 137 


82 ± 116 


-250 ± 144 


93 ± 126 


-309 ± 139 


47 ± 122 


HD93501-nl* 


B1.5III: 


-6.9 


13 ±85 


200 ±81 


-3 ±93 


295 ± 90 


22 ±92 


309 ± 89 


HD 93501-n2* 






90 ±84 


41 ±78 


77 ±93 


3 ±87 


84 ±91 


-1 ±86 


Trl6-22-nl* 


08.5V 


-6.3 


-463 ± 83 


-43 ± 76 


-575 ± 91 


3 + 81 


620 ± 89 


-5 ±82 


Trl6-22-n2* 






-483 ± 92 


29 ±86 


604 ± 101 


0±97 


-632 ± 99 


-8 ±98 



1. Comparison of names in Simbad or lNaze et al.1 l EoTTh and those of this paper: CPD -59255B = Coll228-66, CI* Trumpler 14MJ449 = LS 1865, CI* 
Tmmpler 14 MJ 366 = LS 1853, CI* Trumpler 16 MJ 506 = Trl6-2, CI* Trumpler 16 MJ 466 = Trl6-4, CI* Trumpler 16 MJ 427 = Trl6-5, CI* Trumpler 16 
MJ 327 = Trl6-10, CI* Trumpler 16 MJ 289 = Trl6-1 1, CI* Trumpler 16 MJ 339 = Trl6-13, CI* Trumpler 16 MJ 357 = Trl6-14, CI* Trumpler 16 MJ 372 = 

Trl6-15, CI* Trumpler 16 MJ 496 = Trl6-22, CI* Trumpler 16 MJ 554 =Trl6-115 
2. Note that the typical log[Lx/Z,BOL] in Carina Chandra data is -7.2 i Naze et al. 201 1). 



scopic, photometric, or radial velocity variations), but the literature 
concerning this star is very sparse (e.g. no high-resolution spectra 
appear to exist). The FORS spectrum does not show pronounced 
He chemical peculiarities, but this is not unusual amongst early 
B-type magnetic stars (see e.g. HD 66665. [Petit et alj|201 ll) . The 
spectral lines of TiT6-13 appear somewhat broad (FWHM of about 
170 km s~'), but at the limit of the FORS resolution: convolved 
to the same resolution, the spectrum of t Sco, a sharp-lined, mag- 
netic B0. 5 V star, appears similar but with narrower lines. However, 
contrary to that object, Trl6-13 emits few X-rays. Line profile vari- 
ations may be expected for this star, and follow-up investigations 
are thus clearly needed to pinpoint its physical properties. 



3.3 HD 93250 

The non-detection of a magnetic field may naively appear par- 
ticularly puzzling in the case of H D 93250. This object indeed 
displays non-thermal radio emission dLeitherer et al.lll995l) . Such 
radiation is known to arise from relativistic electrons acceler- 
ated at the shocks between the two winds in a binary system 
( Ivan Loo et alj|2005|). Moreo ver. HD 93250 displays large X-ray 
variations 1 Rauw et al]|2009l) . which reinforces the suspicion of a 
binary nature. Though ra dial velocity varia t ions have never been 
observed up to now (see iRauw et al] |2009l : Iwilhams et al.|[2oTTl 
and references therein ), a close compan ion was recently detected 
using interferometry (San a et all 1201 ll) . HD 93250 now appears 
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composed of two similar stars, whose winds collide, in a long- 
period, eccentric orbit. A magnetic field is indeed required in 
this system, to explain the synchrotron radio emission of the sys- 
tem. However, the nature and origin of the field - whether associ- 
ated directly to the star(s) or produced within the shock - is un- 
clear. Considering the first case, it is true that our observations 
do not detect any organized field at the photosphere, but it must 
be noted that a low inclination of the star's magnetic axis or its 
binary nature could impact on our detection capabilities. More- 
over, the derived 3o~ limit on the longitudinal field of HD 93250 is 
about 300G, and no theoretical expectation has been published to 
which we could compare this value. Depending on the exact stel- 
lar and wind properties (which are not known with precision), as 
well as local characteristics of the wind collision zo ne (equally 
unknown), which may produce a fie ld amplification (Bell 2004; 
iFalceta-Goncalves & A braham 20121) . it may well be that our non- 
detection of an organized magnetic field is not at odds with the 
presence of the ~ 1 G field needed at the collision zone to generate 
some non-thermal radio emission. 



4 SUMMARY AND CONCLUSION 

Following the detection of hard and bright X-rays in a handful 
of early-type stars in the Carina nebula, we performed a small 
spectropolarimetric survey of 21 massive stars in the region us- 
ing the FORS instrument. Previously, only 7 OB stars in Ca- 
rina (HD93128, HD93129B, HD93204, HD 9340 3 HD 93843 
HP 30 3308, HD 3033 11) had been examined by iHubrig etal] 
d201 ll) . alas with no clear detection and only one 3<x detection 
(whic h is a low detection level for FORS data, see iBagnulo et al.l 

mil). 

With this paper, we have quadrupled the number of Carina 
massive stars searched for magnetic fields. For 19 objects, we could 
put limits of a few hundreds gauss on magnetic fields, but two ob- 
jects led to a clear (6cr) detection: Trl6-22 ((B : ) ~ 500 G) and 
Trl6-13«B ; )~ 450G). 

Though the late-0 star Tr 16-22 could have a companion, its 
hard, variable X-ray emission appears too bright to originate in a 
wind-wind collision inside the binary. The magnetic field detection 
(confirmed by two independent observations) rather supports a sce- 
nario where magnetically-confined winds collide at the magnetic 
equator, thereby producing copious hard X-ray emission. An inde- 
pendent confirmation comes from its strong Ho- emission, similar to 
that observed in other magnetic cases (the Of?p stars and 9 [ Ori C). 
With its peculiar X-ray properties, Trl6-22 may thus be seen as an 
analog to the famous [ Ori C, the best example amongst magnetic 
O-stars for a good match with theoret ical expectations, especially 
in the X-ray range dGagne et al.ll2005l) : as a potential second case, 
Trl6-22 appears as a key in our understanding of confined winds. A 
full monitoring of this star (X-ray, spectroscopy, spectropolarime- 
try,...) is thus urgently needed. 

Trl6-13 is a poorly known star with no known peculiarities 
and rather faint X-ray emission. Certainly, more investigation is 
now needed to ascertain the impact of magnetic fields on its evo- 
lution and on its stellar wind. Again, a dedicated monitoring is re- 
quired to determine the physical parameters of the star as well as 
the magnetospheric properties, needed before any modelling can 
take place. 
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APPENDIX A: ONLINE MATERIAL 

The following figures show the spectra of the 21 objects, with the 
spectral windows used for the field determinations (see Sect. 2.2). 
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Figure Al. (Roughly) normalized spectra of the targets, with spectral windows used for the magnetic field evaluation shown as thick red lines above the 
spectra. 



© 2002 RAS, MNRAS OOO.QJIT] 



Magnetometry of a sample of massive stars in Carina 




Figure Al. - Continued 
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